Abstract-An improved pilot pattern algorithm is proposed in this paper that could facilitate channel estimation in terms of MIMIO-OFDM system. The proposed algorithm is a configuration of the analysis of LS that is readily a STBC formatted algorithm in specific for the channel estimation in terms of the pilot-based MIMO-OFDM. Simulations in this paper have show that this algorithm can perform better than the classical counterparts which intend to be borne with the single symbol scheme. It is also proved that the algorithm for the doubled symbols scheme can achieve almost the same performance with only half of the complexity.
I. INTRODUCTION MIMO-OFDM is a cutting-edge technology for the fourth generation mobile communication (4G) that will concern with a lot of advanced but difficult technologies like the estimation of the channel's status quo [1] . In theory, channel estimation aims to look for the required channel information ahead, which will make transmitter to conduct coding more efficiently, while making receiver to detecting signalling more effectively [2] [3] . In this regards, the accuracy of channel estimation is becoming a premier concern that will determine the overall performance of a specific MIMO-OFDM system [4] .
Channel estimation is in principle a procedure to learn how a physical channel could influence on their signal inputs. The essence of such estimation is a trial, yielding formulas or equations to delineate the channel related parameters in the sense of qualitative [5] . For example, the channel estimation in a linear system will be an issue focusing on the system's response towards impulses [6] . In general, channel estimation is a complicated and comprehensive procedure, to make performance assessment will depend on multiple exponents: the accuracy that is used to describe algorithm's ability to minimize the estimated error based on mean square 2 [ ( )] E e n , the complexity and the overhead that are the key factors keenly affecting the performance of the real-time and the necessary devices [7] . Since the accuracy and the complexity are counteracted each other, the channel estimation is turned to be a process exploring appropriate algorithms to reach the most optimized balance point between them [8] . The general procedure of channel estimation is illustrated in Fig.1 channel estimation h(n) sending signal estimate signal x'(n) balance channel In concept, channel estimation has two types: one is the pilot oriented; the other is certainly the none-pilot oriented counterpart. The prior is depended on the pilot signal sent by transmitter and known by receiver to eye on the channel status quo, which make it a broad implementation even if the efficiency of the channel accommodation counted in byte is said to be reduced more or less; On the contrary, the latter is independent on pilot signal, however it depends on the intrinsic math information carried by the transmitted data. So, this paper focus on the channel estimation in terms of the pilot oriented scheme instead of the none-pilot counterpart, mainly because of the none-pilot scheme that is said short in the performance of flexibility and complexity even if higher in the performance of channel efficiency [9] .
II. THE SYSTEM MODEL OF MIMO-OFDM As it is specified, the MIMO in 4G is enabled the transmitter and the receiver be equipped by multi-antenna deployments. For more capacity enhancement, it is commonly combined with the OFDM technology, forming what we call the MIMO-OFDM system [10] . One typical framework of a MIMO-OFDM is illustrated in Fig.2 . Nt Nr represents the number of subcarriers; 1/R the ratio of pilot insertion, the impulse response in time domain between the transmitter's ith antenna and the receiver's jth antenna is [11] :
where L denotes the total path number corresponding to the maximal time delay; p represents the path number; a p is the path gain for the pth path at the moment t; W is the time delay, W p is the time delay of the pth path; and T represents the signal period of the transmitted signal.
If , [ , ]
i j h n l represents the discrete channel function in the frequency domain, this impulse response is: for example, the channels are the type suffering form the so-called slow fading undergone fading routine independently for the scenario combined by any two antennas with one from the transmitter and the other from the receiver. At the instant n, we split the data block
respectively. Each sub-block data is then modulated by OFDM and is radiated by two different antennas on the transmitter. If K represents the number of subcarriers, on the receiver side, the signal captured by the jth antenna will be: G variance at the moment n from the receiver antenna i.
If l W and l J denote the time delay and the complex amplitude happened on the ith path that could be regarded as a narrow-band broad static complex Gaussian process. As a result, the paths are uncorrelated any other one. At the moment t , the channel response in the frequency domain is:
Using an appropriate time to sampling (4), the expression will be: [ , ] [ , ] r n k H n k t n k are needed, where * represent the norm of Euclidean [12] . Using the least square root estimation, we have:
It can be seen that solving the inverse of the matrix Q is necessary. Once the time delay in channel is extended greatly, the 0 K is getting bigger, which means that the volume of matrix Q become too large to be easily inversed. So, the configuration of pilot pattern requires knowing how large the computational scale [13] .
The Improved Pilot Pattern Channel Estimation a. The Channel Estimation Algorithm in Single Symbol scheme
Basically, a pilot conquers one symbol in OFDM bock for each antenna on the transmitter. For the case of multiple antennas, the received signals will be the overlaps of all the signals induced on the each antenna on receiver side. For example, the location where an antenna is supposed to be at, 
Y X H X H W , it can been seen that all signals
are becoming interference each other. Since the traditional LS is unable to identify fading coefficient for the case of multiple channels, some measures should be taken for transmitter so as to enable the receiver to identify the signals that impinge different channels [14] . Through designing special pilot, each subcarrier on receiver side will contain one channel parameter, which, as a result, will make it possible to separate the signals on each antennas from the transmitter. All subcarriers are separated into two parts: f the first antenna on the transmitter will send out pilot at 1 K frequency, and the antenna 2 on the transmitter will send out pilot at 2 K frequency simultaneously, the subcarriers denoted by the even number on the receiver can only be contained with the channel information existed in between the first pair of the transmitter and the receiver's antennas; the subcarriers in the odd number on receiver can only be contained with the channel information existed in between the second pair of transmitter and receiver's antennas. Consequently, the channel characteristics can be spined out from each individual pilot subcarrier. In subsequent, the characteristics of the channel can be retrieved through using the method of interpolation in frequency domain from their individual opposite subcarriers. The implementation details can be described as follow Based on the rule of LS, we have
where K1, K2 denote the different frequency points respectively, k1 represents the subcarrier which belongs to the frequency points of K1, k2 represents the subcarrier which belongs to the frequency points of K2, 
b. The Channel Estimation Algorithm in double Symbol scheme
To minimize the cost function of the LS Since the double symbol pilot is a special case of the STBC once all the pilot are the real value, it is getting possible for taking other kind of special case of the STBC into consideration. Inspired by the concept that the optimal training sequence incline to use diagonal matrix to avoid matrix inversion, the proposed algorithm herein will be configured by the idea that the novel algorithm will have the same pilot as the double symbol circumstance, therefore the number of pilot will become the double of that of the signal symbol scheme, and accordingly will be the half of that of the double symbol scheme. Whence there are two antenna transmitting pilots in the crossover way, and all the pilots transmitted are real value, the math expression of this system will be 
SNR is the signal-to-noise ratio; I is the unit matrix. Both the performance and the overhead of the LS are between the single symbol scheme and the double symbol scheme as mentioned above.
To verify this configuration, a simulation platform is established as shown in Fig.3 In the simulation model, the channel is a such of the pseudostatic Rayleigh, all parameters will follow the specification of ITU-R M.1225 for channel B model [17] , as listed in the Table  1 . In the MIMO-OFDM system, the number of antennas on the transmitter and the receiver are NT = 2, NR = 2 respectively; the number of subcarrier is N = 128; the length of CP is 16; the sampling cycle is Ts = 2 10 7 s ; the QPSK is the scheme of modulation, the hard decision criteria is adopted for the signal detection in the receiver side . The curves plotted in Fig.4 show BER versus SNR, where the three curves are corresponding for the cases of single symbol scheme, the double symbol scheme and the improved scheme regarding performance trade-off. The Conclusions can be made from the observation of the Fig.4: 1) Since the number of pilot of the double symbol scheme is four times that of the single symbol scheme, the interpolation is unnecessary, the interpolation error can be avoided. So, the double symbol scheme is better than the single symbol counterpart. The advantage of the single symbol scheme is on the aspect of more overhead savings.
2) The tradeoffs scheme do not need interpolation anymore. It is better than the single symbol scheme. Owing to the number of the pilot is just half of that of the double symbol method, the tradeoffs method is worse than the double symbol counterpart, the tradeoffs deal not only with the performance, but also with the overhead of pilot and the power transmitted.
IV. CONCLUSIONS By using LS algorithm, the paper is dedicated to study the channel estimation in terms of MIMO-OFDM system based on the STBC algorithm. The comparisons of the parameters of performance and overhead are made between the single symbol scheme and the double symbol scheme. As a result, an improved pilot scheme is proposed. Simulations have shown that the improved algorithm can be more effective in approaching some performance and overhead tradeoffs. The study in the paper can verify that, under a certain level complexity, the performance of channel estimation can be improved through appropriate combination of the optimal pilot scheme and the best criteria of estimation.
